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Abstract —Skip Graph is a network overlay structure utilized 
in distributed data storage services as well as systems such as 
P2P cloud storage, search engines, Internet-of-Things, and mobile 
sensor networks. We propose SkipVis: a Skip Graph overlay 
visualizer that facilitates the flaw detection of Skip Graph-based 
algorithms in their design phase and also the implementation 
correctness verifiability. To the best of our knowledge, there exists 
no overlay visualizer for Skip Graph structure. Therefore, SkipVis 
is designed and developed as a scalable open source Skip Graph 
overlay visualizer that provides an interactive graphical user 
interface. In this paper, we describe SkipVis design principles, 
configuration, architecture and demonstration scenario. 
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I. Introduction 

Skip Graph [1] is a distributed hash table (DHT) data 
structure that keeps data objects in the form of (key, value ) 
pairs where the value represents the data object and key 
corresponds to the hashed value of the data object. It is utilized 
as the communication structure for distributed data storage 
services [2], [3], due to its fast searching, load balancing, and 
search concurrency. Furthermore, Skip Graph is also employed 
as a distributed overlay in several applications including peer- 
to-peer (P2P) cloud storage [4], [5], [6], [7], [8], P2P search 
engines [9], [10], Intemet-of-Things [11], and mobile sensor 
networks [12]. Likewise, Skip Graph can be used as a DHT 
alternative in various applications including DHT-based stor¬ 
age systems [13], DHT-based online social networks [14], and 
DHT-based search engines [15]. In such distributed overlays, 
a Skip Graph node commonly represents a connected device 
of the real world (e.g., laptop, cell phone, server, etc). Each 
Skip Graph node knows only a few other nodes of the system, 
and using this limited information, nodes can perform fully 
decentralized efficient searches for each other as well as each 
others’ data objects. 

The stmcture of a distributed Skip Graph overlay is directly 
affected by a wide variety of its operations including node 
arrivals (i.e., insertion) [1], node departures (i.e., deletion) [1], 
identifier assignment [16], and churn stabilization [17]. Such 
operations may distort the Skip Graph structurally and degrade 
its functionality. For example, a mistakenly inserted node by 
a faulty insertion protocol may mislead the search protocol 
of a Skip Graph to terminate with wrong result. Such an 
error can extend deeper and even make part of a Skip Graph 
unreachable from the rest. Design flaws can be detected and 
reported by implementing structural validation tests in a Skip 
Graph simulation environment (e.g., the Skip Graph simulator, 


SkipSim [18]). The main disadvantage of this approach is 
that the resulted reports of failures are depicted based on the 
local view of the involved nodes. The local view of a Skip 
Graph node is its directly connected neighbors in the overlay 
network. Debugging a distributed Skip Graph protocol based 
on such discrete local views of a few involved nodes is timely 
inefficient and inaccurate. Likewise, some structural flaws are 
bi-product of others, and can not directly being detectable if 
their proper validation test is not implemented. For example, a 
wrong result of the search protocol that is detected by a search 
result validation test may be due to the existence of a loop in 
the Skip Graph overlay. Such a conclusion may not be directly 
extracted from the local views of the involved nodes on the 
search path. Also, in large scale overlays, for a considerable 
number of causes, including the cycle detection, executing a 
validation is not timely efficient. 

In order to ease the detection of Skip Graph operational 
design flaws in the development phase and improve the im¬ 
plementation quality, we propose SkipVis [19], a Skip Graph 
overlay visualizer. SkipVis is a scalable open source Skip 
Graph overlay visualizer that provides an interactive graphical 
user interface (GUI). The SkipVis 's GUI enables the user to 
obtain a visual description of the input Skip Graph structure. 
Additionally, the user is able to dynamically interact with the 
depicted Skip Graph overlay, for example by inserting a new 
node. To the best of our knowledge, SkipVis is the only existing 
Skip Graph overlay visualizer. SkipVis can also be employed 
to serve the educational and instructional interests. 

In the rest of this demo paper, we describe the structure of 
Skip Graph in Section II. We provide a sample demo scenario 
of SkipVis in Section III. The architecture of SkipVis is outlined 
in Section IV. We discuss the related works in Section V, 
followed by conclusion in Section VI. 

II. Preliminaries 

Figure 1 illustrates a sample Skip Graph with 7 nodes, and 
3 levels. In general, a Skip Graph with n nodes has [logn] 
levels that are numbered starting from 0. Each Skip Graph 
node is determined with two identifiers: a name ID and a 
numerical ID. Name IDs are binary strings of size [logn] 
bits and numerical IDs are non-negative integers. Each Skip 
Graph node has exactly one element at each level. In Figure 
1, elements of the nodes are represented by squares with 
numerical IDs enclosed and name IDs located beneath each 
element. In level i of a Skip Graph there exists 2 2 doubly 
linked-lists, and nodes that are located inside each list has 
at least i bits common prefix in their name IDs. Linked-lists 



Fig. 1: A sample Skip Graph with 7 nodes and 3 levels. Numerical IDs of the nodes 
are enclosed in the squares with name IDs beneath. 


are sorted based on the numerical IDs of their nodes in non¬ 
decreasing order. 

As shown in Figure 1, the level 0 of a Skip Graph always 
constitutes of a single linked-list. In level 1 there exists two 
lists, one contains all the nodes with name ID prefix of 0, and 
the other one contains all the nodes with the name ID prefix 
of 1. Level 2 of the Skip Graph contains 4 doubly linked-lists 
corresponding to the 00, 01, 10, and 11 name ID prefixes. In 
the example of Figure 1 nodes with numerical IDs of 71 and 
99 have the common prefix of 11 in their name IDs. Hence, 
they are located in the same lists up to and including level 2. 
Node 28 and 71, though, have the one-bit common prefix of 1 
in their name IDs and located in the same lists at levels 0 and 
1. Likewise, since there exists no node in the Skip Graph with 
name ID prefix of 10 except node 28, this node is located solely 
in a list at level 2. Nodes of a Skip Graph are able to exploit the 
overlay in order to perform searches for each others’ numerical 
IDs [1] and name IDs [20] in fully decentralized manner. As 
the result of the search protocol, the address of the owner of 
the numerical ID or name ID of interest is returned. Having n 
nodes in a Skip Graph, a search for name ID or numerical ID 
is done by traversing O(logn) nodes in expectation with high 
probability. 

III. Sample Demo Scenario 

In SkipVis , a Skip Graph is defined by setting a lineup file, 
which is a text file containing the numerical ID, name ID, and 
neighbors of each node of the input Skip Graph. Each line of 
the lineup file represents one node of the input Skip Graph. 
The name ID and numerical ID of the node are determined by 
the first two elements of the corresponding line. The following 
pairs of elements in the line determine the numerical IDs of the 
left and right neighbors of the node at each level starting from 
level zero, respectively. In SkipVis we consider the numerical 
IDs as greater than zero integers. Hence, if the node does not 
have any left or right neighbor, corresponding elements for 
those are denoted by zero in the lineup file. More details and 
line-by-line description of the lineup file is given in lineup.txt 
of SkipVis distribution bundle [19]. 

Figure 2 shows the sample lineup file of the Skip Graph 


000 12 0 28 0 39 0 39 

100 28 12 39 0 71 0 93 

001 39 28 48 12 48 12 0 

010 48 39 55 39 55 0 55 

011 55 48 71 48 0 48 0 

110 71 55 93 28 93 0 99 

101 93 71 99 71 99 28 0 

111 99 93 0 93 0 71 0 

Fig. 2: Sample lineup configuration file (i.e., lineup.txt) of the Skip Graph in Fig.l. 



Fig. 3: SkipVis GUI after visualizing the input Skip Graph that is configured by Fig.2. 

that is shown by Figure 1. The first line represents a node 
with name ID of 000 and numerical ID of 12. At level 0, the 
node has a right neighbor with numerical ID of 28. At level 
1 and 2, it has a right neighbor with the numerical ID of 39. 
Since the numerical ID of the left neighbor at all the levels is 
denoted by zero, the node does not have a left neighbor. After 
lineup file is prepared, SkipVis can be executed to visualize 
the input Skip Graph. Figure 3 shows the resulted Skip Graph 
that SkipVis depicts based on the provided sample lineup file 
of Figure 2. 

As shown in Figure 3, SkipVis discriminates the levels of 
Skip Graph by drawing all connector lines of each level with 
a distinct color. By the default settings, each Skip Graph node 
in SkipVis is represented by its numerical ID. The transition 
between the numerical IDs and name IDs is done by the Switch 
All button for all the nodes, or by clicking on each element 
of a node individually. Also, information about a node (e.g., 
name ID, numerical ID and its level) becomes available if the 
node is hovered over by mouse. 

In addition to the visualization feature, SkipVis also pro¬ 
vides dynamic node insertion operation for instructional pur¬ 
poses as well as convenient debugging at user interface level by 
using the add button. Figure 4 shows an example of dynamic 
insertion of a new node with the numerical ID of 123 and 
name ID of 101 to the Skip Graph of the Figure 3. 

IV. Architecture and Development 

The core classes of SkipVis design are SkipNode , SkipN- 
odeDatabase , and Main. Figure 5 represents the inter-class in¬ 
teractions. The interactions between classes are done by either 
parameter passing or hierarchical object declaration i.e., one 















































































































Fig. 4: The visualized Skip Graph of Figure 3 after dynamically inserting a new node 
with numerical ID of 123 and name ID of 101. 



Fig. 5: Main classes of SkipVis 


class object acts as the member variable of the other one. All 
interactions between classes are unidirectional. For example, 
in order to model a Skip Graph instance, Main class de¬ 
clares an SkipNodeDatabase object. SkipNodeDatabase class 
in turn implements functions like insert and add by declaring 
SkipNode objects, add method, as its name suggests, adds the 
SkipNode into database Array .insert method provides insertion 
of a new SkipNode object into SkipNodeDatabase by using add 
function. In addition, it also sets up all left and right neighbors 
of the SkipNode object. Also, Main class declares an SkipNode 
object to handle dynamic insertion event, which corresponds 
to the manual insertion of a node in the SkipVis by means of 
its GUI. 

SkipNodeDatabase class represents a Skip Graph by host¬ 
ing its set of nodes (i.e., SkipNode objects), number of Skip 
Graph nodes, and name ID length of nodes in the Skip Graph. 
Furthermore, SkipNodeDatabase class handles reading a Skip 
Graph description from the input lineup configuration file as 
well as dynamic insertion of nodes via GUI. SkipNode class 
represents a single Skip Graph node by its corresponding 
attributes e.g., name ID, numerical ID, neighboring informa¬ 
tion, etc. Additionally, SkipNode class contains validation tests 


of the user’s input data. For example, a negative numerical 
ID is invalidated at the constructor level by throwing an 
InvalidIDException exception. 

Main class plays a vital role in SkipVis , since the main 
function is located in this class. Main class completely char¬ 
acterizes the GUI by having its containers (e.g. Scrollpane, 
VBox, HBox). There are four important method for visualiza¬ 
tion of the Skip Graph: setScene , reset , nextLayer and create, 
set Scene method adjusts the scene by embedding VBox and 
HBox into the Scrollpane, and creates each layer by using 
nextLayer method, reset method erases the Skip Node structure 
in the Scrollpane, and replaces the Skip Graph with updated 
Skip Graph according to the SkipNodeDatabase object. next¬ 
Layer method creates the indicated layer of the Skip Graph 
according to the SkipNodeDatabase. Finally, create method 
takes SkipNode object and its level to visualize it as a Button 
object on SkipVis. 

V. Related Works 

To the best of our knowledge, there exists no overlay 
visualizer for Skip Graph structure. Although the Skip Graph 
simulator, SkipSim [18], visualizes geographical distribution 
of nodes in a Skip Graph-based P2P system, it does not 
provide any overlay visualization of the constructed Skip 
Graph. Peersim [21], which is a scalable P2P simulator, ren¬ 
ders a geographical distribution overview of nodes with their 
neighboring relations. However, details like level, direction, 
and identifier, are missing in Peersim. Oversim [22], [23] is 
a scalable simulator framework for distributed overlays that 
also provides an overlay visualizer [24]. However, the main 
concentration of Oversim visualizer is on circular DHTs like 
Chord [13], [25], and there exists limited overlay visualization 
implementations of other types of DHTs e.g., GIA [26], Epi- 
Chord [27], and Pastry [28]. In contrast to SkipVis that aims to 
visualize the overlay’s structure, OverSim’s visualizer module 
is topology oriented. In other words, while SkipVis illustrates 
how the overlay is affected by the nodes’ identifiers, OverSim 
merely demonstrates the connections among the nodes with a 
lower focus on the overlay’s structure. Planetsim [29], [30] is 
another overlay simulator framework similar to the Oversim 
that provides implementations of Chord, Pastry, and Gnutella 
with an overlay visualizer available [31], [32]. However, in 
contrast to SkipVis , the PlanetSim’s visualizer module only 
represents the overall shape of the topology (e.g., circular, oval, 
star, etc) and does not present nodes’ related information such 
as their identifier and neighboring relations. 

A learning-oriented general-purpose framework of visual¬ 
ization is represented in [33], which helps to correlate the 
verbal and visual representation of the models. The framework 
aims at separating the application level from the visualization 
level to maximize the flexibility and minimize the overhead of 
visualization details. Additionally, to maximize the flexibility, 
the framework suggests discriminating the specification from 
the rendering as well employing a declarative representation. 
The specification of visualization could be coded, generated by 
user’s mouse gestures or automatically specified by a program, 
which are aligned with the design aspects of SkipVis. 

VI. Conclusion 

We presented the configuration and architecture of our 













proposed SkipVis , a Skip Graph [1] overlay visualizer. SkipVis 
[19] aims to facilitate the structural correctness verification and 
design flaws detection of the Skip Graph-based algorithms, and 
improve their implementation quality. SkipVis is also applicable 
as an instructional mean for Skip Graph. As future work, we 
plan to extend SkipVis by making it able to depict the Skip 
Graph search paths on arbitrary search queries that are given 
by the user. We also aim to enable SkipVis to inter-operate 
with the Skip Graph simulator, SkipSim [18], and monitor the 
structural effects of the events like churn on a Skip Graph 
overlay. 
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